The prevalence of bovine respiratory disease (BRDI was assessed in a population of 10,142 beef calves representing nine pure breeds and three composite populations born in 1983 through 1988. Twenty-four percent of the calves experienced at least one episode of respiratory disease during the 1st yr of life; frequencies over the six birth years ranged from 14 to 38%. The timing of respiratory disease outbreaks differed among birth years; in 4 of the 6 yr, more illness occurred in the pasture before weaning than in the feedlot after weaning. Frequencies of BRD during preweaning and postweaning periods were analyzed separately. Pure breeds and composite populations within a single preweaning location differed in frequency of illness during the preweaning period. However, not all possible breed comKey Words: Bovine, Respiratory parisons could be made because preweaning location differed for the breed groups, and preweaning location had a significant effect on the frequency of respiratory disease in the preweaning period. The preweaning location effect did not carry through to the postweaning period. Pinzgauers had the highest BRD frequency within the feedlot (24.6%). The heritability estimates of BRD during the preweaning and postweaning periods did not differ significantly from 0 (.lo f .02 and .06 f .07, respectively). Although it is likely that response to selection for resistance to BRD would be slight using the animal's history of BRD as the selection criterion, including information on relatives or additional immune traits may improve the accuracy of an estimated breeding value for BRD resistance.
Introduction
Bovine respiratory disease (BRD) is the general term used to describe infectious pneumonia resulting in pulmonary lesions. The occurrence of BRD is attributable to complex interactions between microorganisms and unfavorable physical and environmental conditions (Yates, 19821 . The bacteria commonly associated with BRD (Pasteurella haemolytica type 1 A, Haemophilus somnus, Mycoplasma bovis, and sometimes Pasteurella multocida) are usually found in the upper respiratory tract as normal flora (Bryson, 19851. In healthy, unstressed cattle, the bacteria are not usually J. Anim. Sci. 1992 Sci. . 70:2013 Sci. -2019 found in the lower respiratory tract, but if present they normally are removed by phagocytosis via the alveolar macrophages (Corbeil and Gogolewski, 1985) . Viruses involved in respiratory disease include parainfluenza-3 (PI-3V1, bovine respiratory syncytial, bovine viral diarrheamucosal disease (BVDV), and infectious bovine rhinotracheitis (IBRV) (Martin and Bohac, 19861. It is well known that viral infections will often predispose the lung to bacterial infections. In addition, the bacteria have several mechanisms of their own to avoid phagocytic clearance (Corbeil and Gogolewski, 19851. In these ways, the normal bacterial flora is altered in numbers and virulence, creating a susceptible condition for bacterial pneumonia. Although infectious agents are responsible for the lung lesions, stress factors predispose the animal to infection and increase severity of the outbreak (Liggitt, 1985) . Also, presence of the infectious agents does not automatically result in the disease. Bovine respiratory disease can occur at any time in the animal's life. A time of high susceptibility is when passively acquired maternal antibodies are waning, at approximately 3 to 4 mo of age (Bryson, 1985) . Infection with BRD is also prevalent at weaning. When infection occurs at this time, it is usually referred to as shipping fever. This increase in susceptibility is due to the stresses that usually accompany weaning, such as transportation and change in management (Yates, 1982) .
Although BRD is classified as the single most costly disease problem in beef cattle, a commercial vaccine providing protection against all the infectious agents is not currently available. However, as each pathogen is better characterized, it may be possible to engineer a vaccine against the most commonly associated agents (Mosier et al., 1989) . The incidence of BRD could also be reduced through the use of genetic selection against susceptible animals and(or1 selection for resistant animals. An easy method of assessing genetic potential for BRD resistance would be to examine the animal's own history of BRD occurrence. Therefore, the objectives of this study were 1) to identify factors influencing the incidence of BRD, 2) to evaluate differences among breeds for incidence of BRD, and 3) to estimate the heritability of BRD during the 1st yr of a calfs life.
Materials and Materials
Experimental Animals. The animals used in this study were from the Germ Plasm Utilization project conducted at the Roman L. Hruska U.S. Meat Animal Research Center (MARC) in Clay Center, NE. Records were collected on 10,142 calves. These animals were born in the spring calving seasons (March to May) of 1983 Gregory et al. (1991 Statistical Analysis. Analyses of the incidence of respiratory disease were done by analysis of variance (Harvey, 1975) . Although occurrence of BRD was categorical (0 = no occurrence, 1 = occurrence), the frequency was great enough (23.9%) and the number of observations sufficient (10, 1421 to approximate normality (Harvey, 1982) . Because data were not converted to an underlying continuous scale using a threshold model, estimates of heritabilities and correlations may be biased downward and be frequency-dependent. Severity of BRD was not available on animals included in this study. Because of physical and biological differences that exist between preweaning and postweaning periods, incidence of BRD was analyzed separately for these two time periods. A calf with BRD episodes within both periods was considered as an occurrence for each analysis.
In preliminary analyses, all two-factor interactions among preweaning location, birth year, sex, and age of dam were tested for statistical signifi-ANALYSIS OF BOVINE RESPIRATORY DISEASE cance. All but the sex x age of dam interaction were significant for either preweaning or postweaning incidence. The mixed model used in the final analysis was the same for incidence in both time periods and included preweaning location, breed group within location (random effect), sire within breed group x location (random effect), birth year, sex, age of dam, and two-factor interactions as described above. Because preweaning location had a significant influence on preweaning BRD incidence, preweaning least squares means for the breed group within location were estimated with a fixed model that included the breed group within location effect but did not include the sire within breed group x location effect. Breed group means for postweaning incidence were also estimated with a fixed model, but this model included only the breed group effect and did not include preweaning location. Tests of significance for breed group means were made using the sire within breed group mean square from the appropriate mixed model. Pairwise comparisons among locations within birth years, breed groups within locations (preweaning period), breed groups (postweaning period), sexes, and age of dam groups were made using Bonferroni t statistics (Gill, 1978) .
Genetic correlations of preweaning and postweaning respiratory disease occurrences with birth weight and preweaning and postweaning ADG were estimated using the final mixed models.
Results and Discussion
Of the 10,142 animals included in the analysis, 2,420 (23.9%) were treated at least once for BRD during the 1st yr of life (Table 1) . Although morbidity due to BRD was quite high, mortality was low. Only 1.4% of the calves died because of respiratory illness. Respiratory problems were more prevalent in some years than in others; frequencies ranged from 13.9% in 1984 to 38.4% in 1987. The monitoring for sick animals may have differed among years, but it is unlikely that this caused the wide fluctuation among birth years because the ratio of dead to sick calves remained consistent over the years (2.2 to 8.6%).
The majority of respiratory problems are generally believed to occur after weaning during the feedlot period. This was not usually the case in this study (Table 21 , possibly because the calves did not travel a great distance to the feedlot. In Because of these apparent differences between preweaning and postweaning periods over the years, BRD frequencies within the two periods were analyzed separately. The final mixed models are given in Table 3 . Although preweaning locations differed significantly in frequency of preweaning BRD, the location effect did not carry over to the feedlot. Birth year effects were important for both preweaning and postweaning periods (P < .0011. Significant preweaning location x birth year interactions were found for BRD frequencies in both periods (Table 41 . In general, there were low levels of preweaning respiratory disease in 1983 through 1985 across the three preweaning locations. There was a dramatic increase in preweaning BRD frequency at Location 1 during 1986 and 1987, and these were the highest BRD frequencies of the study (33.6 and 32.2%, respectively). In 1987 and 1988, all locations had high preweaning frequencies. The pattern for postweaning BRD frequencies differed somewhat. There were very few significant differences among preweaning locations within any 1 yr. The highest postweaning frequencies for all three preweaning locations were found in 1985 (24.8, 19 .8, and 23.9%, respectively).
The incidence of BRD was greater in male calves than in female calves during both preweaning and feedlot periods (Table 5 ). Male and female calves were maintained together in the preweaning pastures, but upon arrival in the feedlot, calves were separated by sex into different pens. In a previous study involving cattle at MARC, male calves at a n average age of 164 d had higher RESPIRATORY DISEASE 2017 serum concentrations of complement C3 than female calves (Muggli et al., 19871. However, there were no sex differences in other immune traits measured in the same calves, including immunoglobulin G1 concentration at 24 to 48 h of age, prevaccination antibody titer to IBRV, and IBRV antibody titer 60 d postvaccination. Complement C3 is a protein involved in the innate or nonspecific humoral branch of the immune system. It is unlikely that complement C3 is responsible for the sex differences in BRD frequency because it is unlikely that high levels of complement C3 (as found in male calves) would be detrimental to the animal.
There was a n effect of age of the calrs dam on occurrence of BRD in the calf (Table 61 . Calves of 2-yr-old dams had higher preweaning BRD frequencies but lower postweaning frequencies than calves of older cows (P < .05). In a n earlier study (Muggli et al., 19871 , calves of younger dams had less colostral immunoglobulin G1 at 24 to 48 h of age than calves of older cows, but calves of younger cows had higher postvaccination IBRV antibody titers than calves of older dams, probably because maternal antibodies interfered less with the vaccination. Thus, calves of younger dams may have had less protection against IBRV and other BRD-causing pathogens in the pasture because of lower colostral antibody levels but may have had better protection in the feedlot because of higher vaccination responses.
The purebred and composite population least squares frequencies for BRD occurring in the preweaning period are given in Table 7 . Breeds and composite populations were not represented across all preweaning locations, and preweaning location had a significant effect on preweaning BRD incidence; therefore, not all possible breed comparisons could be made. Braunvieh had the highest BRD frequency (20.1%) of the purebred &Calves with 6-, 7-, 8-, and 9-yr-old dams were pooled into a b v l e a n s within the same period lacking a common supersin le group (6+).
script letter differ (P < .051. breeding value for this trait using relatives' BRD history in addition to the animal's own history. In this study, there were several indications that a genetic influence exists for BRD resistance. First, significant breed differences were found for BRD frequency in preweaning and postweaning periods. Additionally, there were indications of favorable heterosis for postweaning BRD incidence. Finally, 6 to 10% of the phenotypic variation in BRD occurrence was estimated to be due to additive genetic variation. It may be possible to reduce the incidence of BRD using a crossbreeding program as well as through genetic selection. Phenotypic and genetic correlations were calculated between preweaning and postweaning BRD Although the phenotypic correlations were small, all were negative (rp = -.01 to -.14) except the nonsignificant correlations between preweaning BRD and postweaning ADG (rp = ,021 and between postweaning BRD and birth weight (rp = .06). These results suggest that calves with BRD episodes have lower growth performance. This is in contrast to the results of Martin and Bohac (19861, who found no difference in weight gain during the feedlot period between calves treated for BRD and calves that required no treatment.
There were positive genetic correlations between preweaning BRD occurrence and birth weight (rg = .25 f .lo) and postweaning BRD occurrence and birth weight (rg = .50 k .15). Genetic correlations between preweaning BRD and preweaning ADG and postweaning ADG were nonsignificant. Genetic correlations between postweaning BRD and preweaning ADG and postweaning ADG were negative but nonsignificant. These results suggest that genetic trends for increased birth weight may be associated with a n increased incidence of BRD during the preweaning and postweaning periods. Genetic trends for increased pre-and postweaning ADG would not be associated with incidence of BRD.
To investigate the frequency of chronic BRD cases, the number of calves with repeated episodes of BRD was determined. Two reported illnesses for the same calf were considered as different episodes if they were separated by at least 14 d. In 1987 and 1988, more than 23% of the sick calves had multiple episodes of BRD (Table  10) . In contrast to other years, BRD outbreaks occurred throughout the summer during 1987 and 1988. It may be that the immune response was stimulated in the calves exposed to a BRD pathogen during the summer but that over time, the
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immune response declined. If so, these animals would be susceptible to the pathogen again at a later time. Also, it is possible that different pathogens were present during each of the outbreaks. Therefore, calves would be susceptible to each new pathogen regardless of their previous BRD history.
Implications
Bovine respiratory disease is a complex respiratory illness affecting beef cattle through the 1st yr of life. Nonsignificant heritabilities (.lo k .02 and .06 k .07) were estimated for bovine respiratory disease occurrence in the pasture and feedlot, respectively, indicating that selection response for resistance would be slow using disease occurrence as the only selection criterion. However, respiratory disease is a multifaceted syndrome with a number of causes. It is possible that selection for resistance to specific agents or groups of agents or for improved immune factors might be more successful than selection against the occurrence of bovine respiratory disease.
